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Nutrition provides a practical and appealing approach to cognitive
enhancement, including the modulation of long-term cognitive processes such as
neurodevelopment and neurodegeneration. An abundance of promising nutritional
inﬂuences on cognition have been identiﬁed, but many long-term eﬀects remain to
be conﬁrmed by data from randomized controlled trials (RCTs). The current article
provides a general outline of various factors that hamper the demonstration of
causal long-term nutritional eﬀects on cognition by RCTs and advocates the
development of methodological solutions to enable substantiation in future RCTs.
© 2010 ILSI Europe
INTRODUCTION
The notion that what humans eat – or refrain from eating –
may have an important eﬀect on cognitive abilities is
widespread and highly appealing to a large part of the
population. The desire to optimize cognitive functioning
is present at all stages of life: from parents’ wishes to
support their children’s cognitive development to adults
and older adults seeking protection or alleviation from
short-term or long-term cognitive decline. This has
spurred the oﬀ-label use of certain prescription drugs,
mostly stimulants such as methylphenidate or modaﬁ-
nil,1,2 as well as numerous nutritional or herbal supple-
ments aimed at promoting or preserving cognitive
performance levels. Although some excellent scientiﬁc
work aimed at qualifying and quantifying the eﬀects of
speciﬁc nutritional factors on cognition has been carried
out,many of the proposed nutritional inﬂuences are hith-
erto poorly characterized and substantiated.3
The attractiveness of cognition enhancement and the
associated public demand this generates has led to a wide
range of nutritional and nutraceutical products with
vague, unsubstantiated, and sometimes misleading prom-
ises and claims.4 Tightening of claims regulation for such
products, through, for example, the new European Union
health claim legislation,5 not only protects the consumer,
but also creates a powerful drive to investigate and sub-
stantiate nutritional inﬂuences on cognition according to
the strictest scientiﬁc criteria. Banning unsubstantiated
claims and communications will eliminate false competi-
tion and allow research and development–driven food
and ingredient companies to strengthen their research
eﬀorts.
LONG-TERM EFFECTS OF NUTRITION ON COGNITION
Nutrition essentially delivers four main classes of func-
tional compounds that may aﬀect brain functioning after
absorption. Food provides energy for the brain (essen-
tially glucose), building blocks (e.g., lipids and amino
acids), and micronutrients for enzymatic and endocrine
processes (e.g., iron, zinc, B vitamins, iodine) and is a
source of bio- or psychoactive molecules that can exert a
multitude of brain-relevant actions.6,7 In addition, the
organoleptic properties of food – such as taste, smell, and
texture – may modulate cognition and mood directly.6,8
The acute and subchronic eﬀects of single nutritional
components on human cognition are relatively straight-
forward to investigate using available psychopharmaco-
logical and neuropsychological methods and tools. The
acute eﬀects of, for example, caﬀeine9,10 and glucose11,12
have been well documented over the past decades, but
great challenges emerge when addressing the longer-term
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inﬂuences of nutrition on cognition, such as promotion
of neurodevelopment or primary prevention of normal
and pathological cognitive aging.
Long-term cognitive beneﬁts of a particular nutri-
tional factor are, by deﬁnition, discernable only after a
signiﬁcant delay, often spanning years or decades. These
beneﬁts may occur after continuous intake of nutri-
tional components during that period or as a result of a
previous shorter-duration exposure in, for example, a
critical period. The former notion is illustrated by Ben-
ton13 in the present supplement. He proposes and dis-
cusses the intriguing concept of accumulation of
cognitive reserve during development as a means of
decreasing the risk of cognitive decline during aging and
the role for nutrition in building and maintaining cog-
nitive reserve throughout life. The latter situation could
be linked to a “cognitive programming” concept; Kuss-
mann et al.14 coined this term to capture how the history
of environmental inﬂuences, including nutrition, may
aﬀect cognitive performance later in life, possibly via
epigenetic mechanisms. Both scenarios would require
randomized controlled trials (RCTs) to incorporate
(extremely) long follow-up periods. Inevitable individual
variations in a multitude of lifestyle, dietary, and envi-
ronmental inﬂuences over the course of the study
period, which may all interact with the intervention or
independently modify the cognitive outcomes, greatly
complicates the disentanglement of the pure eﬀect of
the nutritional intervention.
When studying the potential long-term eﬀects of
nutrition, valuable insights with regard to plausibility
can be obtained through mechanistic, animal, and epi-
demiological approaches. These have yielded an abun-
dance of hypotheses and mechanisms of potential
nutrition and cognition interactions,7 and although epi-
demiological results may contribute to the accumulation
of evidence for causal relationships, as pointed out by
Benton,13 the demonstration of causal behavioral eﬀects
in humans in high-quality RCTs is essential to establish
a strong evidence base for nutrition eﬀects and associ-
ated dietary recommendations, communications, and
claims.
The unfortunate reality is that there is a paucity
of RCTs that conﬁrm the proposed cognitive eﬀects
of numerous nutritional components, particularly for
cognitive aging.15 In another article in the present
supplement, McCracken16 nicely illustrates this gap by
discussing the pattern of evidence for a relationship
between vitamin B12 intake and cognitive performance
in older adults. As she points out, lack of conﬁrma-
tion in RCTs may mean that the original hypothesis
is incorrect or it may be related to inadequate method-
ology relating to the design or execution of the
RCT.
METHODOLOGICAL ASPECTS OF ASSESSING
LONG-TERM COGNITION EFFECTS
Dangour et al.17 highlight one particular methodological
aspect of primary prevention trails, namely, the selection
and recruitment of the appropriate population. Using
examples from large nutritional intervention studies, they
discuss the risk of unintended recruitment bias and its
implications and the potential of deliberate recruitment
of at-risk populations to increase study sensitivity.
The need to identify at-risk populations seems to be
one of the key factors in disentangling the eﬀect that
nutrition may have on health, including mental health. It
has become clear that people can exhibit large variations
in the magnitude and even the direction of observed
health eﬀects of nutritional habits or interventions.
Although one-size-ﬁts-all strategies with general nutri-
tional recommendations may have an overall beneﬁcial
eﬀect at an average population level, it is increasingly
recognized that, at an individual level, such recommen-
dations may not always exert the sought-after health ben-
eﬁts and may even have detrimental outcomes. Large
interindividual diﬀerences in responsiveness have also
hampered a clear substantiation of the potential health
eﬀects of nutritional factors and diets in intervention
studies. The need to shift from general to more tailor-
made nutritional advice has led to the quest for person-
alized nutrition, meaning nutrition suited to the speciﬁc
need of the individual. Personalized nutrition can be
deﬁned at various levels, with increasing diagnostic chal-
lenges as we move closer to solutions that are truly indi-
vidually tailored. Population segmentation criteria can
range from demographic (e.g., age, sex) or other general
characteristics (e.g., lifestyle, phenotype, performance
level, current or past health status, family history), to
nutritional state (e.g., deﬁciencies, body weight), to indi-
vidual genetic properties (single genetic polymorphisms,
multiple interacting genetic attributes, epigenetics).
Kussmann et al.14 discuss the notion of using genetic
characteristics to more speciﬁcally deﬁne target popula-
tions for nutritional interventions for cognitive beneﬁts.
Nutrigenomics, certainly when sets of genetic polymor-
phisms are combined with lifestyle characteristics are
used as scores, emerges as a promising, yet still develop-
ing, method to identify at-risk populations as well as
likely responders. The mid- to long-term modulation of
gene expression through environmentally determined
epigenetic changes adds a further layer of complexity to
this ﬁeld, but it may provide a key to understanding very
long-term inﬂuences of nutrition on brain health.
In addition to issues relating to the target population,
the sensitive measurement of relevant study outcomes is
considered a keymethodological aspect of RCTs. In terms
of brain functioning, the outcomes that are most directly
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associated with real-life beneﬁts are actual performance
measures, such as the ability to remember, concentrate,
solve problems, understand, and judge information.
General aspects including procedures, interpretation, pit-
falls, and limitations of measuring performance using
cognitive tests, as well as of mood assessments, have been
described previously.18–21 In this supplement, Wesnes22
provides a comprehensive methodological overview of
the characteristics and requirements of cognitive tests.
The article highlights the importance of using appropri-
ate measures and systems, as this is a prerequisite for the
ability to accurately assess nutritional eﬀects on cognition
in RCTs. In addition to such performance outcomes,mea-
suring the eﬀects of nutritional intervention directly on
brain structure, composition, and activation using various
brain imaging techniques can be valuable.Although such
ﬁndings are not readily translated into functional (behav-
ioral) beneﬁts, they may provide highly sensitive mea-
sures of nutritional eﬀects.Also in this supplement,Paus23
provides an introductory overview of the available brain
imaging techniques and their applications and limitations
for nutrition research, including RCTs.
When addressing the long-term eﬀects of nutrition,
the identiﬁcation and validation of early predictive
markers of the eﬃcacy of the nutritional intervention and
of modiﬁable risk factors is of the highest importance.
Such markers would allow accurate prediction of the
long-term end-beneﬁts of the intervention without the
need for extensive follow-up periods, thus enabling RCTs
to deliver causal evidence. An overview of the status of
(bio)marker research in the ﬁeld of Alzheimer’s disease
has recently been published elsewhere,24 but the topic is
also brieﬂy addressed in the workshop summary and
commentary article by de Jager and Kovatcheva25 in this
supplement.
Further development of methods is essential to
provide tools for more feasible, eﬃcient, and sensitive
RCTs, although the eﬀective use of currently available
techniques can already facilitate strong scientiﬁc accumu-
lation of nutritional eﬀects on cognitive functioning, as
illustrated by Osendarp et al.26 in their article on iron and
mental development. They show how combining mecha-
nistic and observational knowledge can be used to design
tailor-made RCTs with a high sensitivity to detect a spe-
ciﬁc nutritional eﬀect. Finally, de Jager and Kovatcheva25
provide an integrated account of the discussions and key
learnings of the workshop, including recommendations
for future long-term intervention studies.
CONCLUSION
The evidence base for nutrition eﬀects on cognition, or
any other functional outcome, should not be diﬀerent
from that of any other life sciences discipline. Data from
high-quality RCTs are an indispensable part of that evi-
dence base. The complications of designing and execut-
ing long-term experimental nutritional trials pose a great
challenge, but many of these problems are due to the
speciﬁc methodological gaps that exist today. Method
development, particularly related to sensitive and early
measurement of relevant outcomes and the selection of
appropriate study populations, is critical to enable the
future construction of RCTS that are more feasible and
sensitive.
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